Background. Computerised physician order entry offers a potential means of reducing prescribing errors, and can also increase the feasibility of pharmacy validation as a secondary filter for eliminating errors. The impacts of these two benefits have never been evaluated in combination.
Adverse drug events are associated with increases in the duration of hospital stay, additional costs and mortality [1] and have been recognized as a safety priority [2, 3] . Medication errors account for a large proportion (20 to 28%) of adverse drug events and are preventable [4, 5] . Dean et al. [6] described prescribing errors as 'clinically significant meaningful prescribing errors occurring when, as a result of a prescribing decision or prescribing writing process, there is an unintentional significant (1) reduction in the probability of treatment being timely and effective or (2) increase in the risk of harm when compared with generally accepted practice.' Most medication errors do not result in an adverse drug event. However, medication errors occur in 5% of prescriptions, mostly due to prescribing errors [4, 5, 7] .
Computerized physician order entry (CPOE) and the review by pharmacists of all prescriptions (referred to hereafter as 'pharmacy validation') have been put forward for reducing prescribing errors. Some studies that use time series to evaluate the effects of CPOE with different levels of clinical decision support systems have shown a decrease of more than 50% in non-intercepted serious medication errors ( potential or actual) [1, [8] [9] [10] or a decrease of more than 33% in prescribing errors in an emergency department [11] . However, the effect of CPOE on clinical outcomes (mortality rates, adverse drug events, or length of stay) remains questionable [9, 12 -16] . Other studies have qualitatively analysed the possible side effects of the integration of CPOE into a patient care information system, including the induction of specific prescribing errors due to a lack of flexibility of the system, and over-completeness or fragmentation of the information relating to prescriptions [17, 18] .
By reviewing the prescriptions, pharmacists can identify errors, thereby reducing the frequency of medication errors [19] . Pharmacists participating in medical rounds can prevent 66 to 80% of adverse drug events [20, 21] , decrease drug costs by 41% [22] or be associated with a low frequency of medication errors [23] . Pharmacy validation is mandatory in France [24] but often hardly feasible, given the small number of hospital pharmacists, the large number of prescriptions and the compulsory feedback to the prescriber. CPOE offers a potential means of reducing prescribing errors and can also increase the feasibility of pharmacy validation as a secondary filter for eliminating errors. The impacts of these two benefits have never been evaluated in combination.
In this study, we aimed to describe (i) the pharmacists' interventions during the validation of computerized drug prescriptions, (ii) the impact of these interventions on the prescribing process and (iii) the extent to which CPOE was responsible for the errors identified by the pharmacists.
Methods

Sites and subjects
In France, the physician is entirely responsible for the writing of prescriptions, including specification of the brand name of the drug (rather than its international denomination), infusion time and solution for reconstitution of intravenous medication. In this context, pharmacy validation is implemented in a different way, as the pharmacist must alert the prescriber (in cases of unavailability or non-conformity with best practice) but cannot modify the prescription directly (with the exception of replacing one drug with another having the same international denomination). Nurses should administer exactly what is written on the prescribing order.
Georges Pompidou European Hospital (HEGP) is a French tertiary care university hospital. A patient information system, integrating an electronic patient record and a CPOE (Dx-Care, Medasys TM ) is implemented throughout the hospital since its inception (year 2000). The hospital information system currently collates prescriptions and results of biological tests and imaging procedures. Eight hundred computers, both laptops and fixed posts, are used to in care procedures (in care departments and medical offices). The Dx-Care
The drug prescription facility is available in 10 departments and has been used for 2 to 3 years. This study focuses on these 10 departments: two surgical and eight medical wards, 210 beds, 25% of the hospital's beds. Forty-two residents, fellows or staff physicians are in charge of these patients and may write prescription of drugs for them. Medical students cannot prescribe.
For each patient, the software displays a screen with all the prescription order lines, one for each drug. The physician must click on an order line to display a new window with all the prescription order line details: drug name (from a pull-down menu), dose, unit (from a multiple choice list), frequency, reconstitution process, route and an optional annotation field. This window cannot be closed if a non-optional field is empty. Various types of prescription aid are available: information about reconstitution processes for intravenous drugs, typical orders prespecified by pharmacists for intravenous drugs and an integrated drug-drug interaction system. The only automatic decision support is alert, concerning maximum dose for oral drugs. Physicians and pharmacists have access to the patient's administrative and clinical data, biological results, images, nursing transmissions notes, vital signs, appointments and all reports.
All prescriptions are reviewed for interactive validation by pharmacists. Nights and weekends prescriptions are reviewed on the next day if unexpired. Four pharmacists (two senior pharmacists and two residents), assisted by two part-time pharmacy students, perform these validations.
The results of the pharmacy validation can be accessed by the prescribers and/or the nurses (depending on the pharmacist's choice) via a symbol inserted in front of a given prescription order line: 'accepted', 'refused' or 'availability problem'.
The 'accepted' symbol indicates that the pharmacist agrees with the prescription, unless a comment is added relating to good practice, which may or may not suggest a modification of the prescription line.
The 'refused' symbol indicates that the pharmacist disagrees with the prescription, having identified a potentially severe prescribing error suggesting modification of the prescription. This symbol is always associated with a comment.
There are two kinds of 'availability problem': 'substitution', where a new prescribing order is required before the nurse can deliver the suggested drug because the molecule is not the same as that initially requested by the doctor, and 'equivalence' in which a new prescribing order is not required because the molecule suggested is the same, but simply has a different brand name.
Any comment added by the pharmacist is considered a 'pharmacy alert'. The physician may click on the symbol to visualize the pharmacist's comment, but is not obliged to take that comment into account. We define as potential prescribing errors, all lines with a 'refused' symbol or an 'accepted' symbol associated with a comment from the pharmacist (i.e. all pharmacy alerts other than availability problems).
Design of the study protocol
In this prospective quantitative and qualitative study, we aimed to describe the prevalence and impact of pharmacy alerts. To describe prevalence, we collected data on discontinuous rather than a block of time to avoid counting twice the same alert: we included all medication order lines validated by the hospital's pharmacy on three Mondays (7, 14 and 21 March 2005) . For any given day, the pharmacy alert on a prescribing line may be 'new' or 'previous', in cases in which the alert was posted on a previous day but may still be useful if the physician has not yet modified his/her order. We described the impact of pharmacy alerts by including all 'new' pharmacy alerts on the three Mondays plus all 'new' pharmacy alerts on two Wednesdays (9 and 16 March 2005) to increase the number of alerts investigated, as follow-up can only be done on new alerts.
Data collection
The pharmacist's record. For each potential prescribing error identified as part of their routine work, the pharmacists printed a copy of the whole prescription, including their own intervention (symbol and text comment) and specifying the person targeted ( prescriber and/or the nurse). Potential prescribing errors were classified by the pharmacists using a classification adapted from published classifications [1, 7, 10, 19, 25, 26] . Our type classification included five categories (Table 1) . A training session was organized before the study, and each pharmacist was provided with a handout including examples and definitions of the categories (available on request). Independent review committee. An independent multidisciplinary committee of three physicians (cardiology, clinical immunology, internal medicine) and one pharmacist not taking part in the validation process retrospectively reviewed all the investigated alerts to rate the more subjective items. The committee had access to the whole prescription but was blind to the impact of the alert, the ward, the names of the prescriber and of the patient. Following guidelines, the committee rated (i) the potential severity on a three-category scale (none, purely preventive; serious or significant and life-threatening) adapted from previous publications [5, 7, 26] and (ii) the possible implication of the CPOE system in the error. An error was identified by the committee as related to the use of CPOE if it occurs more easily than would have occurred in the traditional medication ordering system. Sub-categories are described in Table 1 . Each of the reviewers rated all the alerts individually, and discrepancies in assessment were then resolved by consensus between all reviewers.
Impact investigation. The impact of all 'new' pharmacy alerts targeted to the prescriber was investigated by two researchers, a physician and a pharmacist (C.E. and S.V.). We first recorded whether the prescription order line was modified in the CPOE system before the next administration of the drug. Then, for all non-modified orders, the reasons for non-compliance with the pharmacist's advice were investigated by semi-structured interviews with the prescriber. The various possible answers were indicated in a multiple choice form: (i) 'It's an omission, I haven't seen it yet', (ii) 'I think my order is clear enough for the nurse', (iii) 'Due to disease progression, biology or a specific context, it wasn't required', (iv) 'I disagree with the pharmacist's advice' and (v) 'other, explanation'. We also investigated whether an adverse drug event, defined as an injury resulting from the use of a drug [5] , had occurred following the potential prescribing error. Figure 1 Study flow chart. To describe the 'prevalence' of pharmacy alerts, all medication order lines validated by the hospital's pharmacy on three Mondays (7, 14 and 21 March 2005) were included. To describe the 'impact' of pharmacy alerts, we only followed up 'new' pharmacy alerts on these three Mondays. We added all 'new' pharmacy alerts on two Wednesdays (9 and 16 March 2005) in order to increase the number of alerts investigated. Asterisk denotes that a previous alert is an alert posted by pharmacist on a previous day but still active if the physician has not yet modified his/her order and that a new alert is an alert posted by pharmacist on a day of the study (7, 9, 14, 16 
Results
The prevalence of pharmacy alert is 399 on 3559 prescription order lines (11%), corresponding to 222/431 (52%) patients (Fig. 1) . Pharmacy alerts were issued for availability problems (284 lines; 8% of all lines) or potential prescribing errors (115 lines; 3% of all lines). Only a quarter of the availability problems involved substitution (71; 2% of all lines), and most availability problems were therefore resolved without the need for a new prescription from the physician (193; 6% of all lines). Of the 115 order lines with potential prescribing errors, 62 corresponded to new alerts. We further evaluated these 62 new alerts along with 36 other new pharmacy alerts collected on the two Wednesdays (9 and 16 March).
We followed up and the committee revised these 98 alerts. Three of these were considered inappropriate and excluded. The most common type of potential prescribing errors concerned incomplete order [34 errors (36%)] and treatment adaptation [31 errors (33%)]. Most pharmacy alerts concerned significant or serious potential prescribing errors, 48 (50%), but 16 (17%) were considered potentially lifethreatening. Conversely, 31 (33%) had no potential severity and were purely preventive ( Table 2) .
Among the 81 pharmacy alerts targeted at the physician, 21 [26% (95% CI ¼ 17 -37)] resulted in modification by the prescriber. No tendency was observed between the rate of modification and the potential severity of the error: pharmacy alerts with potential life-threatening prescribing errors resulted in a larger number of prescription modifications [38% (15-65%) of modifications] than did significant or serious errors [17% (6 -33%) of modifications], but the latter did not result in more modifications than purely While prescribing, the physician has to specify the unit of prescription, but the syringe is selected by default. This is probably an omission error. It may be difficult for the prescriber to modify the prescription subsequently with the software.
Dose range limits Improvements to CPOE, making it easier to modify the prescription.
The prescription was: 'Amiklin TM (amikacin) 500 mg'.
Potential medication error
Pre-recorded prescription with the correct reconstitution process was not used.
Mandatory prerecorded reconstitution process for intravenous drugs in the software.
The pharmacy alert and comment addressed to the physician only were: 'Please use prerecorded reconstitution process for intravenous drug', and for the physician and the nurse: 'dilution in 200 mL of 5% G or 0.9% NaCl, infusion time: 30 minutes'.
Type: incomplete order Potential severity: significant or serious CPOE relation: no use of typical order prespecified The prescription was not modified by the physician. When questioned about this, the prescriber argued: 'I think my order is clear enough for the nurse'.
The prescription was: 'Forlax TM (macrogol) (2-2-2)'.
Lack of knowledge or information for the prescriber about software use.
Software training
The pharmacy alert and comment were: 'too high dose, usual dose is 2 per day and the patient had a bowel movement yesterday', the prescription was not modified by the physician.
Type: dose Potential severity: none purely preventive CPOE relation: no When questioned, the prescriber said 'I didn't know how to view the pharmacy alert'. Hopefully for the patient, the nurse did not administer all 6 sachets.
'Levothyrox TM (Levothyroxin) 100 mg (175 mg at 8:00 am)' was prescribed twice for the same patient. The pharmacy alert and comment were: 'prescription order line duplicated'. Better screen readability (continued ) preventive alerts with no potential severity [31% (15-51%) of modifications] (Table 3) .
A total of 47 (49%) potential prescribing errors were attributed to the use of CPOE, including all 'wrong route/ unit' or 'prescription inconsistency' errors. These potential prescribing errors were judged to have a greater potential severity than the others (Table 4) .
None of the prescription order lines requiring a pharmacy alert resulted in an actual adverse drug event.
Reasons for non-compliance with the pharmacist's advice were investigated for the 49 pharmacy alerts that did not result in any modification of the prescription. One prescriber could not be interviewed. The three most frequent answers were: 'I think my order is clear enough for the nurse' (12 answers; 24%); 'Due to disease progression, biology or a specific context, it wasn't required' (11; 22%) and 'It's an omission, I haven't seen it yet' (8; 16%). The 'other explanation' answer was chosen in 16 cases: in five cases (10%), the explanation was difficult modifying the prescription with the software, and in four cases (8%), the prescriber did not know how to view the text comment of the pharmacy alert.
Examples of the most frequent prescribing errors and typical pharmacy alerts are given in Table 5 .
Discussion
We found that 11% of prescription order lines, corresponding to 50% of the patients, required pharmacy intervention. Of the 95 potential prescribing errors investigated, 67% were considered significant, serious or life-threatening by an independent review committee. However, the impact of the pharmacy intervention was questionable, as only 22 prescription order lines (23%) were modified by the physician in response to the alert provided by the pharmacist. It was estimated that 50% of these errors were related to CPOE use.
The frequency of prescribing errors in this study is similar to previous reports [4, 7] , and we observed no adverse drug event, which is not surprising, given the frequency of such events (1%) and the limited number of prescribing errors investigated (n ¼ 98).
Few studies had investigated the impact of pharmacy validation in a CPOE context. Leape et al. [20] reported a high level of acceptance by physicians of the prescription changes made by a pharmacist when that pharmacist was integrated as a full member of the team, caring for the patient. This context is different from that studied here, in which the pharmacist does not take part in medical rounds and gives advice through the CPOE system. In the study reported by Lustig [19] , the pharmacist was not physically present but called the physician directly if an error arose on a daily per patient order: the reported rate of non-modification was only 12.5%.
Half the potential prescribing errors were estimated to be attributable to the use of CPOE but as longer our study is not a comparative one, we are not able to state if more or less errors would had occurred without CPOE system. As in Koppel study [18] , errors were most frequently due to human -machine interface flaws. Many physicians explained that they had not yet seen the pharmacist's comment, they found it difficult to modify the order with the software or they did not know how to view the pharmacist's comment.
Our study has various limitations. First, 'prescribing error' is defined differently in different studies [27] . The definition of 'potential prescribing error' is even more problematic. We chose to use the definition developed by Dean et al. with a panel of experts for prescribing errors [6] . We derived our classification for the types of potential prescribing errors from published classifications [1, 7, 10, 19, 25, 26] The prescription was not modified by the physician, because the patient had brought his own usual treatment (Tahor TM ) with him to the hospital. levels of inter-individual and intra-individual reproducibility were ensured, but not evaluated, by training pharmacists, using a distinct set of prescriptions, and each pharmacist was provided with a handout with type definitions and examples. For subjective items, like potential severity and attribution to CPOE, we used a system of independent, retrospective rating by four experts not involved in and blind to follow-up. But, despite guidelines were provided, the agreement between the four experts was low (not quantified) and discrepancies could only be resolved by a consensus meeting with the experts and the investigators.
Our study may underestimate the impact of pharmacy validation: the absence of prescription modification does not necessarily indicate an absence of impact on the prevention of prescribing error, as the nurse may have modified drug administration unofficially after having seen the pharmacy alert. On the other hand, the impact may have been overestimated: the physician may in some cases have modified his prescription independently of the pharmacy alert, by adjusting for a biological result, for example.
Improvement of CPOE requires the tracking and elimination of errors [18] . Pharmacy validation also seems to be a useful way of identifying potential errors, due or not to the use of CPOE, which could be prevented by improvements of CPOE. Ergonomic improvements are required as a matter of priority, to make pharmacy comments more accessible, thereby possibly increasing their impact. The development of other prescription aids in the CPOE system, for drug-dose adjustment and availability problems, may prevent some prescribing errors and would allow pharmacists to concentrate on the most relevant interventions.
